Aim: Few population-based studies have assessed the risk factors of and gender differences in intimamedia thickness (IMT) at the common carotid artery (CCA) for different age groups. Objective: Factors determining age and gender differences in IMT were studied in ethnic Chinese participants of the Chin-Shan Community Cardiovascular Cohort in Taiwan. Methods: From July 1994 through August 1996, the CCA-IMT of 1203 men and 1487 women aged 35 years or more was measured using high-resolution B-mode carotid ultrasound. Cardiovascular risk factors were recorded for each subject. Results: The CCA-IMT consistently increased with age and was more in men than in women. For participants aged 55 years or more, women showed a more rapid increase in systolic blood pressure (SBP) and low-density lipoprotein cholesterol (LDL) than men. The gender difference in CCA-IMT became insignificant after 75 years of age. The major determinants of CCA-IMT in addition to age and gender were body mass index at 35-44 years of age, LDL in both genders and SBP in women at 45-54 years old, SBP at 55-64 and 65-74 years old, and women with left ventricular hypertrophy, hypertension with medication, and high LDL levels at 65-74 years old after multivariate linear regression analysis. For those aged over 75 years, SBP was an important determinant of CCA-IMT. Conclusions: The CCA-IMT increases with age and its determinants are associated with age and gender. The rapid increase in cardiovascular risk factors in women after 55 years of age attenuates the female advantage in CCA-IMT.
Introduction
Atherosclerosis in carotid arteries can be easily and non-invasively detected by carotid ultrasound 1-3) . Carotid ultrasound measurement is highly reliable and reproducible 4) and is closely correlated with the level of pathology in the carotid beds 5) . Several large-scale cohort studies have shown that extracranial carotid artery atherosclerosis, which is expressed as common carotid artery-intima-media thickness (CCA-IMT), is a significant indicator of coronary artery disease (CAD) and cerebrovascular disease [6] [7] [8] . Compared to men, women have the advantage of delayed atherosclerosis and cardiovascular disease (CVD). Nonethe-
Medical History and Definitions
Blood pressure (BP) was measured with a mercury sphygmomanometer in a standardized fashion. Two measurements were taken after 5 minutes rest in the sitting position. Pulse pressure (PP) was calculated as the mean systolic BP (SBP) minus the mean diastolic BP. Body mass index (BMI) was calculated as the patient's body weight in kilograms divided by the square of the body height.
Data on alcohol use and smoking were obtained for each subject from a self-reported structured questionnaire. In this study, drinking two or more alcohol beverages per week was defined as habitual drinking. Left ventricular hypertrophy (LVH) on ECG was diagnosed according to the criteria defined in the Physician's Guide to Marquette Electronics Resting ECG Analysis 17) .
Evident CAD was defined as a history of acute myocardial infarction or angina pectoris verified by coronary angiogram or medical records reviewed by a cardiologist. Cerebral vascular attack (CVA) was defined as a history of stroke or transient ischemic attack verified by a neurologist.
CCA-IMT Measurements
The maximum IMT of the CCA was measured using high-resolution B-mode ultrasonography. A Hewlett-Packard SONO 1500 ultrasound system (Andover, MA), equipped with a 7.5-MHz real-time B-mode scanner and a 5.6-MHz pulsed-Doppler mode scanner was used for the measurements. The IMT of the far wall of the distal CCA was measured as the distance from the leading edge of the first echogenic line (lumen-intima interface) to the leading edge of the second line (media-adventitia interface) 18) .
Carotid ultrasonographic measurements were performed as described previously 13, 18) . Examinations included bilateral observation of the longitudinal and transverse views of the CCA. Trained physicians performed carotid ultrasonography with the subject lying in the supine position with the neck extended in mild lateral rotation. The maximum IMT of the far wall proximal to the carotid bifurcation was obtained bilaterally with CCA1 and CCA2 at 0-1 and 1-2 cm from the distal CCA, respectively. The CCA-IMT of each subject is expressed as the average IMT of the right and left CCA obtained from the average of two measurements of CCA1 and CCA2 on both sides (i.e., the average value of 8 CCA-IMT measurements). All scans were recorded on super-Video home System videotape for subsequent off-line analysis. The interobserver and intra-observer correlation coefficients ranged from 0.86-0.93 and 0.70-0.87 for both sides of the CCA-IMT measurement, respectively 18) . less, few population studies have examined the gender distribution and risk factors of CCA-IMT and carotid atherosclerosis in different age groups [1] [2] [3] 9) .
In the past 5 years, heart disease and stroke have been ranked as the second and third leading causes of death in Taiwan, respectively 10) . With an aging population, as is the case in Taiwan, early detection of atherosclerosis and its associated risk factors are important to prevent stroke and heart disease. CVD is known to develop in women on an average 10 years after it develops in men 11) . CVD increases with age, and CVD is highly prevalent in aged women; therefore, gender differences in cardiovascular risk factors and CVDs in the elderly population have attracted much attention in recent years 12) . Moreover, in a significant statement, the American Heart Association (AHA) addressed the importance of better understanding the role of gender differences in determining cardiovascular and atherosclerosis risk factors as well as in the management of atherosclerosis 12) . The AHA promotes their annual campaign, "Go Red for Women," not only in public publications but also in practical international activities.
The purpose of this study was to investigate the factors determining gender differences in CCA-IMT in different age groups in the Chin-Shan Community Cardiovascular Cohort (CCCC). In addition, we sought to establish the norm of CCA-IMT in an ethnic Chinese population.
Materials and Methods

Subjects
From 1994 to 1996, we measured CCA-IMT and examined associated risk factors in a study population (age range, 35-102 years) from the CCCC. The original CCCC, established in 1990, included 3602 participants aged 35 years and older who had resided for more than 6 months in Chin-Shan, a suburban community 20 miles north of Taipei, Taiwan [13] [14] [15] [16] . Appropriate institutional review board approval was obtained for this study. The 3473 participants consisted of 2988 individuals from the original cohort (recruited from 1994-1995) receiving biennial followup and a new cohort of 485 individuals (recruited from 1995-1996) aged 35-39 years. Those who completed the carotid duplex examination (n = 2690, response rate 71.5%) were included in this study. With the written informed consent of participants, fasting blood samples were obtained and electrocardiography (ECG), echocardiography, and carotid ultrasonography were performed. vascular risk factors were also compared by age group (measured in 10-year cohorts). CCA-IMT is expressed as the mean±standard deviation (SD) and the average IMT as a percentile. Student's t -test was used to detect differences in IMT of the two genders. The factors influencing the mean IMT identified from univariate analysis were examined using multivariate linear regression analysis. Variables included in the regression model to estimate IMT were male gender, age, SBP, history of medication for hypertension (HTMED Hx), fasting glucose, history of medication for diabetes mellitus (DMMED Hx), smoking habit, alcohol habit, BMI, HDL and LDL, and LVH on ECG. The parameter estimate of the determinant for CCA-IMT was estimated using multivariate linear regression analysis. P values less than 0.05 were considered significant. All analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC).
Results
Table 1 shows the baseline characteristics of the
Lipid and Lipoprotein Assays
Serum levels of glucose and lipids, including total cholesterol, low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), and triglycerides, were analyzed in a central laboratory as described previously [13] [14] [15] [16] . Standard enzymatic tests were used for measuring serum cholesterol and triglyceride levels (Merck 14354 and 14366, respectively). HDL concentrations were measured in supernatants obtained after precipitation with magnesium chloride/ phosphotungstate reagents (Merck 14993) 16) . The LDL concentration was calculated as the total cholesterol concentration minus the concentration of cholesterol in the supernatant obtained with the precipitation method (Merck 14992) 16) . After 9-12 hours overnight fasting, blood samples for lipid and glucose determination were drawn from the antecubital vein with the subject in a seated position.
Statistical Analyses
The baseline characteristics of male and female subjects were compared. Gender differences in cardio- than in women. Compared with the cardiovascular risk factors in men, these factors increased rapidly with age in women. Among subjects aged 55 or more, compared to men, women had higher PP, BMI, and cholesterol and LDL-C levels. In addition, women older than 65 years had higher SBP. Gender differences in cardiovascular risk factors were also observed for subjects aged 75 and more. The prevalence of CVDs, namely, CVA and CAD were greater in men than in women in all age groups except in the 65-74 year group, even though the difference was not statistically significant ( Table 3) .
Multivariate linear regression analysis showed that the significant determinants of CCA-IMT were as follows: age, gender, SBP, BMI, HTMED Hx, and LDL levels ( Table 4) . The difference in the CCA-IMT of men and women was 53.2×10 −3 mm. For every 1 year increase in age, the CCA-IMT increased by 7.95 ×10 −3 mm. Moreover, CCA-IMT increased by 1.25× 10 −3 mm per mmHg of SBP. Smoking showed a bor-study subjects by gender. Gender differences existed in all cardiovascular risk factors except SBP. Approximately 52% men and less than 5% women were current smokers; however, no gender differences existed with respect to the prevalence of CVA or CAD. The percentile distributions of CCA-IMT increased with age; this pattern of increase was the same for both right and left CCA ( Table 2) . Table 3 shows the mean values of CCA-IMT and gender differences in risk factors for different age groups. The mean±SD of CCA-IMT for 35-to 44-year-old men was 0.58±0.11 mm, which is 0.06 mm more than that for women of the same age. The gender differences in average CCA-IMT increased to 0.10 mm for subjects aged 65-74 years but decreased to 0.02 mm for those aged 75 years and more ( Table 3) .
Further analysis of the risk factors for different age groups revealed that in the young age groups (35-44 and 45-54 years old), BMI, SBP, PP, and the levels of fasting glucose and LDL-C were higher in men This study highlights the need to focus on atherosclerosis prevention in a gender-and age-specific manner.
The results of this study are in line with those of the community-based Gutenberg-Heart Study in Germany 1) in which men had greater carotid IMT than women. In young subjects, IMT was lower in women than in men; however, gender differences in IMT became nonsignificant in older subjects, although our findings of a difference in the determinants of CCA-IMT across genders contrast those of the Gutenberg-Heart Study, which reported similar predictors of early carotid atherosclerosis for both genders. The findings of the Atherosclerosis Risk in Communities (ARIC) Study show that IMT of the carotid artery wall in men was more than that in women 3) . The higher prevalence of carotid atherosclerosis in men than in women was also confirmed in Japanese subjects in the Suita study 9) .
Our results indicate that the independent risk factors of CCA-IMT are gender, age, SBP, BMI, HTMED Hx, and LDL levels; these are similar to the findings of another study in Taiwan investigating the determinants of carotid atherosclerosis in health check-up subjects showing independent risk factors of age, sex, SBP, LDL, glycation hemoglobin, and history of hypertension 2) . Thus, in addition to age and gender, SBP, history of hypertension, and LDL levels are the major determinants of carotid IMT; however, age is the most significant factor affecting CCA-IMT. A Japanese study reported that risk stratification based on traditional non-metabolic risk factors and metabolic syndrome rather than metabolic syndrome alone appears to be more useful for the clinical assessment of atherosclerosis in subjects aged 21-93 years 19) .
In the younger middle-aged population (35-45 years old), since the prevalence of cardiovascular risk factors was relatively low, BMI was the most significant determinant of carotid IMT. The association between carotid IMT and metabolic components, in terms of overweight and hypertension, seems to be more important in young subjects and deserves more attention. In another study, in ethnic Chinese subjects with mean age of 38 years, BMI was identified as the major determinant of IMT in a case-control study in Taiwan 20) . This indicates that obesity (i.e., higher BMI) may increase the risk of atherosclerosis in younger middle-aged subjects.
The rapid increase in multiple cardiovascular risk factors after the age of 55 makes carotid IMT more sensitive to increased SBP in people older than 55 years. In addition to age and gender, our results show derline significance as a determinant of CCA-IMT. Table 5 shows the determinants of CCA-IMT for different age groups as determined by multiple linear regression analysis after controlling for associated risk factors. In the youngest age group (35-44 years old), BMI, age, male gender, and HTMED Hx were determinants of CCA-IMT. Among these, BMI was the most important determinant for both genders. At the age of 45-54, in addition to age and gender, LDL and SBP were important determinants of CCA-IMT; among these, LDL was the major determinant. At the age of 55-64, gender, age, and SBP were determinants of CCA-IMT; SBP was the major determinant in men, but borderline in women. At the age of 65-74, the determinants of CCA-IMT were gender, age, and SBP; among these, age was the major determinant; however, the gender-specific determinants of CCA-IMT were LVH on ECG, HTMED Hx, and LDL levels in women. For subjects who were aged 75 and more, SBP was the major determinant of CCA-IMT; gender was not a factor affecting CCA-IMT in this age group.
Discussion
This study showed that CCA-IMT increases with age and, until old age, CCA-IMT in men is greater than in women. The prevalence of cardiovascular risk The present results demonstrated that a rapid increase in LDL-C and SBP after menopause might attenuate the female advantage in carotid IMT.
In this study, postmenopausal women exhibited a rapid increase in SBP, PP, and prevalence of hypertension; this is compatible with the results of a nationwide survey conducted in Taiwan in 2002 25) . The rapid increase in cardiovascular risk factors after menopause further aggravates the risk of atherosclerosis, perhaps largely due to BP components. These findings emphasize the need to prevent and control hypertension in postmenopausal women.
Asymptomatic middle-aged adults with moderate increases in serum LDL-C are associated with an increased incidence of early carotid atherosclerosis 26) . The present study identified elevated LDL-C as a major determinant of CCA-IMT, particularly in subjects who were 45-54 years old, corroborating our previous results showing that serum LDL-C was an important determinant of CCA-IMT, particularly in middle-aged subjects 21, 27) . Woo et al. report that the "Westernization" of Chinese adults increases subclini-that SBP and a history of hypertension are important determinants of CCA-IMT. This is in concordance with our previous results showing that the hypertension status was the major determinant of carotid atherosclerosis in a community-based case-control study 13) and 24-h SBP and the duration of the hypertension status were major determinants of carotid atherosclerosis in an occupational case-control study 21) .
Vascular structure adaptation and the increased prevalence of risk factors in the elderly are presumed to be associated with thickening of the CCA wall in the cardiovascular health study (CHS) 22) ; this was clearly shown in our study; however, a Japanese survey by Homma et al. showed that increased carotid IMT is a physiologic effect of aging in subjects ranging from young adults to centenarians 23) .
The lag in the progression of atherosclerosis in women compared to men may be attributable to the effect of estrogen 11, 12, 24) , which may alter serum lipid concentrations and protect the vascular wall, preventing atherosclerosis by increasing vasodilatation and inhibiting the response of blood vessels to injury 24) . Models were adjusted for age, gender, systolic BP, HTMED Hx, body mass index, fasting glucose, DMMED Hx, LVH on ECG, high-density lipoprotein cholesterol, LDL, smoking habit, and alcohol habit; in models comparing genders, male gender was not included. Abbreviations: LVH on ECG, left ventricular hypertrophy on electrocardiography; HTMED Hx, history of medication for hypertension; DMMED Hx, history of medication for diabetes mellitus
